ABSTRACT
Introduction
recognized method for accurate evolutionary reconstructions (48, 49). We used the core 148 genome alignment to generate a SNP tree to infer phylogeny of the strains, which was 2). All 13 ICEEaIIs integrated next to a tRNA gene, 12 elements reside at the 3' end of the 206 tRNA-Leu-CAA. Only the ICEEaII in NUHP1 was inserted after the tRNA-Ser-GGA (Table   207 2, Figure 3 ). Integrases were found in 4 of the 13 elements (see below).
208
Type III ICEs were recognized in 16 strains. The structure was quite different from TGA, and tRNA-Glu-TTC were targeted by ICEEaIIIs (Figure 3 ). In NUHP1, two type III 214 elements, ICEEaIII(7) and ICEEaII(8), are co-located between two tRNA-Asp-GTC, and the 215 two elements are separated by a tRNA-Asp-GTC. In NUH11, ICEEaI(8) and ICEEaIII(12) 216 combined as one segment, co-localized between the tRNA-Asp-GTC and the gene encoding a 217 beta-lactamase. In most type III elements, at least one integrase gene is present.
218
In sum, a total of 52 ICEs were identified in 31 genomes, and 15 elements in 11 draft 219 genomes were partially assembled. The size of ICEs is up to 116.3 kb in complete genomes. Annotated ICEs were listed in Table S1 , which included predicted CDS and gene functions.
221
Some strains had more than one ICE. No ICEs were found in five strains: PW2810, B2D, 222 8707, CIP11067 and GTC_10754 (Table 2 ).
223

Phylogenetic relationship of the ICEs
224
To track the evolutionary history of these ICEs, the nucleotide sequences of the genes 225 encoding relaxase, T4CP, TraG and TraJ from each ICE were compared. As shown in Figure   226 4, in all four gene trees, the ICEs were separated based on their types. The type I and II 
Integrases
232
Integrases, required for ICE integration and excision, could be tyrosine or serine 233 recombinases, or DDE transposases containing an acidic amino acid triad (DDE)(32).
234
Tyrosine recombinases were found in all type I and III ICEs, and DDE transposases were 235 identified in four type III ICEs. In the 12 type II ICEs, only four elements carried integrases.
236
Two serine recombinases were detected in NCTC10588 and one was identified in JM-87. A 237 DDE transposase was found in FMS-007, and a tyrosine recombinase was detected in 238 NUHP1. The remaining 9 type II ICEs lack co-localized integrases (Table S1 ). (Table S1 ). ABC transporters for 254 various substrates, such as manganese, potassium and oligopeptides were found in all ICEs. 
CRISPR-Cas loci
262
The CRISPR-Cas system is a prokaryotic adaptive defense machinery against 263 invading nucleic acids (53, 54). The type II-C CRISPR-Cas system was detected in nine 264 strains (Table 1) , which is featured by a CRISPR array and the genes encoding Cas9, Cas1 
404
Identification of ICEs
405
Pairwise genome comparison based on protein identity was used to identify variable regions.
406
To identify an ICE, the genome was searched for a cluster of genes coding for a relaxase, a 
GenBank accession numbers
421
Accession numbers of the genomes used in this study were listed in Table 1 . GenBank 422 accession numbers for ICE sequences were listed in Table 2 . 
732
The ICE types were color-coded. Refer to Table 2 for strain information. replicates, which generated similar tree topology. The consensus trees generated using 
